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. COMPLETE SPECIFICATION 
Ethylene Interpolymer Latex 



We, Union Carbide Corporation, of 270, 
Park Avenue, New York, State of New Yoi^c, 
United States of America, a Corporation 
organised under the laws of the State of New 
5 York, United States of America, (Assignee of 
Donald Wayne Simroth), do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by which 
it is to be performed, to be particularly de- 
10 scribed in and by the following statement: — 
This invention relates in general to laticcs 
of ethylene interpolymers. More particularly, 
this invention rdates to a novel continuous 
emulsion polymerization process for producing 
15 ethylene interpolymers in latex form and to 
the novel latex products produced thereby. In 
a particular aspect, the invention also relates 
to utilization of the novel latex produas ui 
coating of paper and paper products to impart 
20 desirable properties thereto. 

For many years research efforts have been 
directed toward production by emulsion poly- 
merization techniques of ethylene polymer 
latices exhibiting a combination of both good 
25 latex properties and good polymer properties 
and thereby meeting the stringent requirements 
imposed by commercial utilization in, for ex- 
ample, coating applications such as paper coat- 
ing. The attributes of a high quahty latex 
30 suitable for use in coating applications are 
well known. Thus, for example, the polymer 
particles must be suflSciently small, e.g. below 
about one micron, to permit the formation of 
a coherent coating on drying; the total solids 
35 content must be high, e.g. at least 40 per cent 
solids, so that the amount of water which must 
be evaporated will not be excessive; the latex 



.viscosity must be low, e.g. below 300 centi- 
poises, and the flow properties those of a non- 
dilatant fluid so that the latex can be easily 
pumped and handled; the amount of scrap or 
seeds, i.e. particles larger in size than the 
maximum within the permissible range for a 
latex, must be low, e.g. below ^200 parts per 
million on 100 mesh screen, based on the 
total weight of the latex; and, finally, the latex 
must be stable on standing for long periods of 
time, e.g. a year or naore, and stable to freeze- 
thaw, mechanical, and chemical stress. Of 
equal importance to the properties of the latex 
are the properties of the polymer itself. Thus, 
for example, in coating applications it is often 
necessary that the coating possess strength and 
toughness and be impervious to moisture and 
imless the polymer possesses these character- 
istics in sufficient degree the latex will be of 
littie value even though it exhibits excdlent 
latex properties such as fluidity and stability. 
Moreover, since it is not ordinarily feasible 
with a latex produced directly by emulsion 
polymerization to free the latex from contamin- 
ants introduced in the polymerization, such as 
the surfactants which are needed to promote 
the initiation of new polymer particles and to 
aid in stabilizing the latex, these will become 
an integral part of the coating which is formed 
upon evaporation of the water from the latex. 
Accordingly, the coating must possess the re- 
quired strength, toughness and impermeability 
in spite of the presence of contaminants intro- 
duced in the polymerization process which will 
inevitably detract from such properties. 

Heretofore, efforts to produce an ethylene 
polymer latex having the desired combination 
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of properties have been unsuccessful, the pro- 
duct either being deficient in the qualities 
that characterize a good latex or defident 
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in essential polymer properties. 

It has long been known that persulfete com- 
pounds arc effective catalysts for the emulsion 
polymerization of ethylene to form solid homo- 
polymers, copolymers, or terpolymers, and that 
the resulting emulsions ordinarily exhibit good 
latex qualities, e.g. stability. However, it is 
also well known to the art that the use of 
these catalysts under conventional emulsion 
polymenzation techniques results in the forma- 
tion of a polymer with poor physical charac- 
tensucs, e.g. low strength and a lack of flexi- 
bihty, so that the latex is uhsuited for use in 
coating applications. 

It has now been discovered that emulsion 
polymerization can be effected, m accordance 
with the teachings herein, utilizing a persulfate 
compound as catalyst to produce an ethylene 
inteipolymer latex exhibiting the long sought 
combination of good latex properties and good 
polymer properties. 

In accordance with this invention, a minor 
proporuon of a carboxylic acid is copolymer- 
ized with ethylene to promote latex stability, 
and thereby permit the amount of surfactant 
utilized in the emulsion polymerization to be 
held to a minimum. This materially aids the 
achievement of desirable polymer properties 
such as strengtii and toughness, since a lesser 
amount of surfactant will be present as a con- 
tenant of the coating and the detrimental 
effect on polymer properties will thereby be 
reduced. The exact mechanism whereby the 
presence of a minor amount of carboxylic acid 
as a compionent of the ethylene interpolymer 
promotes latex stability is not known, but it is 
believed that the acid groups at the surface 
of the polymer particle will be surrounded 
by water molecules bound thereto by hydrogen 
bonding and that this "sheU " of water makes 
It more difficult for two polymer particles to 
coalesce with a resulting increase in latex 
stability. The presence of a carboxylic acid 
component also provides an added advantage in 
that the adhesion of the latex to various sub- 
strates IS markedly enhanced. As well as ediyl- 
ene and one or more carboxylic acid% the inter- 
polymers of this invention may also contam, 
if deshred, one or more additional copolymer- 
izable monoethylenically unsaturated mono- 
mers, as hereinafter described in sieater 
detail. ^ 

A further important characteristic of the 
novel emulsion polymerization process of this 
invention is the use of high temperatures and 
high pressures, as hereinafter described in 
detail, whereby high reaction rates and, con- 
sequently, high space productivity are achieved. 
Under the conditions of pressure and tempera- 
ture utilized, the polymerization reaction pro- 
ceeds extremely fast. Since the polymerization 
reaction is highly exothermic, the result is the 
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rapid generation of large quantities of heat; 
however, since the reaction temperature is 
high, a laige temperature differential exists 
across the cooling surface of the reaaor wall 
and tile heat generated can be effectively re- 
moved to thereby permit close control of the 
reaction. 

A further important characteristic of the 
novel emulsion polymerization process of this 
invention is the utilization of an exceptionally 
high rate of tiirougliput. At the high tempera- 
tures necessarily employed in the process to 
achieve the desired high production rate and 
prranote heat removal, the persulfate catalyst 
necessarily employed to achieve the desired 
latex stability, decomposes at an extremely 
fast rate. Accordingly, the polymerization must 
be accomplished rapidly so that the persulfate 
catalyst will not be consumed prematurely with 
the result that no appreciable degree of poly- 85 
merization will take place. This is successfully 
achieved by the use of high temperatures and 
pressures, which accelerate the reaction, and 
by high feed rates per unit of reactor volume 
combined with the use of a reactor adapted to 90 
permit thorough mixmg to give substantially 
uniform reaction conditions. 

In brief, the process of this invention pro- 
vides for the first time a method of producing 
an ethylene interpolymer latex possessing a 95 
combmation of good latex properties and good 
polymer properties and being eminentiy suited ■ 
for use in coating applications. Furthermore, 
the metiiod herein described achieves this re- 
sult in a continuous process with high produc- 100 
tivity and high conversion per pass which 
render it economically feasible for use in large 
scale commercial operations. Such a result is 
achieved ^through ±e utilization of a unique 
combination of operating conditions providing 105 
an emulsion polymerization process radically 
different from any known heretofore. 

The e±ylene interpolymers within the scope 
of this invention are (1) copolymers or higher 
mterpolymers of etiiylene with at leastonett-i/?- i lo 
etiiylenically unsaturated carboxylic add of 3 to 
8 carbon atoms and (2) teipolymers or higher 
mterpolymers of ethylene the aforesaid car- 
boxylic add, and at least one copolymerizable 
monoethylenicaUy unsatiirated monomer <rf 2 115 
to 12 carbon atoms, other than an o-i/?- 
etiiylenically unsaturated carbosylic add. Illus- 
trative of the^ carboxylic adds contemplated 
are aoyh'c add^ methacrylic acid, ethacrylic 
aad, itaconic acid, crotomc acid, isocrotonic 120 
acid, makic add, fumaric acid, and the like. 
Illustrative of the copolymerizable monomers 
contemplated are vinyl esters of alfomoic mono- 
basic aads having up to 4 carbon atoms such 
as vmyl formate, vinyl acetate, vinyl propionate 125 
vmyl n-butyrate, vinyl isobutyrate, and the 
hke; vinyl and vinylidene halides such as 
Vmyl chloride, vinyl fluoride, vinylidene 
chlonde, and the hke; acrylates and metha- 
ciylatessu±asmetiiylacrylate,metiiylmeti2a- 130 
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crylatCj ethyl acrylate, ethyl methacrylate, n- 
pr(^yl acrylate, n-butyl acrylate, isobutyl 
acrylate, n-hexyl acrylate, 2-ethylhexyl acryl-. 
ate, glycidyl acrylate, bicyclo [2.2.1 ]hept-2-yl 
^ 5 acrylate, and the like; dialkyl maleates and 
fumarates such as dimethyl maleate, diethyl 
maleate, dibutyl maleate, dibutyl fumarate, and 
the like; acrylonitrile; N-vinyl pyrrolidones 
bicyclo [2.2.1 ]hept-2-ene^ and the like. 
10 The continuous emulsion polymerization 
process of this invention involves continuously 
charging to a reaaor, operated at high tem- 
perature and pressure and with thorough mix- 
ing to maintain substantially uniform condi- 
15 tions of temperature pressure aiKl concentra- 
tion througjiout, the polymerizable monomers, 
water, a persulfate catalyst, and one or more 
surfactantSi and continuously recovering die 
latex produced. The exact manner in which 
20 the several components are charged to the re- 
actor, or the particular type of reaaor utilized, 
are not critical features of this invention. TTius, 
for example, the several components can be 
charged separately or in various combinatiwis 
25 and the process can be conducted using a 
single stirred reaaor, two or more stirred re- 
aoors in series, a loop reactor, or a tubular 
reaaor with a plurality of injection points 
along its length to compensate for differences 
30 in rate of polymerization of the various mono- 
mers, as would be imderstood by one skilled 
in the art of polymerization. A convenient pro- 
cedure is to charge the water, surfactant and 
catalyst in one stream, the ethylene as a second 
35 stream, and the carboxylic add and, if de- 
sired, additional polymerizable comonomer, as 
a third stream. If desired, the carboxylic acid 
may be added as a solution in water or in an 
. organic diluent and various modifiers or addi- 
40 tives, such as, for example, molecular weight 
. regulators, may also be charged to the reactor. 
Operatmg temperatures within the scope of 
this invention are in the range of from 100° 
C to 160° C, and more preferably in the 
45 range of 110° C. to about 150° C Tempera- 
tures of significandy below 100° C. do not 
provide sufficiently high reaction rates, or a 
.sufficient temperature differential for heat 
transfer, to be utilized in a commercially 
50 feasible process, while temperatures signifi- 
cantly above 160° C. cause excessively fast 
decomposition of the persulfate catalyst, so 
that it may be decomposed before it reaches 
the locus of polymerization. While it is ordin- 
55 arily desirable to utilize the highest tempera- 
ture possible, within the above range, so as to 
maximize heat transfer and optimize the 
physical properties of the polymer, the opti- 
mum temperature for the process is dependent 
60 upon the particular catalyst and surfactant 
employed and upon the composition of the 
" particular interpolymer being produced. Thus, 
for example, with an ethylene/vinyl acetate/ 
acrylic acid terpolymer, it is usually desirable 
65 to keep tbe temperature in the range of 110° 



C. to 120° C. to avoid excessive crosslinking 
or branching which results in the formation 
of a polymer which is lacking in strength. 

The proems of this invention is conducted 
at a pressure of at least 5,000 psig. and pre- 70 
ferably at least 10,000 psig. The main effect of 
an mcrease in pressure is to increase the re- 
action rate and since there are no significant 
detrimental effects accruing to the use of high 
pressures the process is ordinarily ope^ted 75 
at the highest pressure which is praaicd as 
dictated by the requirements of safety and 
economics. Thus, pressure in the range of 
5,000 psig. to 50,000 psig., or more, may 
be used, but striking a balance between the 80 
competing considerations wQl ordinarily indi- 
cate the use of a pressure in the range of 
10,<H30 to 30,000 psig. 

The ethylene, the carboxylic add, and, 
optionally, the copolymerizable monoethylenio- 85 
ally unsaturated monomer are charged to the 
reaaor in proportions depending upon the de- 
sired composition of the ethylene interpolymer. 
As employed herein and in the appended 
claims, the term "polymerizable monomer" go 
is used to refer to the total charge to the re- 
actor of ethylene, carboxylic acid, and copoly- 
merizable monoethylenically unsaturated 
monomer. Thus, the polymerizable monomer 
may consist of, for example, ethylene and 95 
acrylic acid; or ethylene and methacrylic acid; 
or ethylene, ethyl acrylate and acrylic add; 
or ethylene, vinyl acetate, and acrylic acid; or 
ethylene, methyl methacrylate and methacrylic 
acid; or ethylene, acrylic add, ethyl acrylate 100 
and glyddyl acrylate; and so forth. To pro- 
duce the ethylene interpolymers contemplated 
herein, the polymerizable monomer charge to 
the reactor will consist of at least 50 mole per 
cent ethylene and from 0.2 to 15 mole per 105 
cent of a carboxylic add, as hereinbefoxie de- 
fined, with any remaining balance being a co- 
polymerizable monoethylenically imsaturated 
monomer, as hereinbefore defined. Thus, the 
polymerizable /mcmomer mi^t, for example, 110 
consist of 99 per cent ethylene and 1 per cent 
acrylic add; or 90 per cent ethylene and 10 
per cent methacrylic acid; or 85 per cent ethyl- 
ene and 15 per cent acrylic add; or 70 per 
cent ethylene, 15 per cent acrylic acid and 15 115 
per cent ethyl acrylate; or 50 per cent ethyl- 
ene, 10 per cent acrylic acid and 40 per cent 
vinyl acetate; or 60 per cent ethylene, 5 per 
cent acrylic acid, 20 per cent ethyl acrylate, 
and 15 per cent glyddyl acrylate; and so forth 120 
(all illustrative compositions given being in 
mole per cent). Preferably the copolymer con- 
sists of at least 90 per cent by wdght ethylene 
and the balance acrylic acid. 

The rate at which polymerizable monomer 125 
is charged to the reaaor in accordance with 
this invention is a rate of at least 50 lbs. per 
hour per cubic foot of reactor volume, and 
preferably a rate in the range of 100 to 300 
lbs. per hour per cubic foot of reaaor volume. 130 
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This is the total rate of the combined charge 
of all of the monomers, i.e. ethylene plus 
carboxylic acid plus any other copolymerizable 
monomer optionally included. The ma xfiniini 
rate at which polymerizable monomer can be 
fed is limited primarily by the necessity of 
dissipating the large amount of heat generated 
by the polymerization reaction and is thus^ in 
part, determined by reactor design. Operation 
at a rate below the minimum specified is un- 
economical and frequently also undesirable 
from the viewpoint of the pl^kal properties 
of the resulting latex; 

Water is charged to the reaaor in an amount 
dependent upon the rate of charge of poly- 
merizable monomer and upon the desired solids 
content of the ethylene interpolymer latex. 
Latices having the desired combination of pro- 
perties described herein can be produced by 
charging the reactor with water at a rate of 
0.3 to 3 lbs. per lb. of polymerizable mono- 
mer undergoing conversion to polymer, and 
more preferably 0.8 to 1.5 lbs. per lb. of 
polymerizable monomer undergoing conversion 
to polymer. 

As indicated hereinbefore, the novel emulsion 
polymerization process of this invention utilizes 
a persulfate compound as catalyst More speci- 
firally, the catalyst employed is selected from 
the group consisting of ammonium persulfate 
( (NHJ^StO^) and alkali metal persulfates, e,g. 
sodium persulfate (NaaSoOg) or potassium per- 
sulfate (K.S^Os). The preferred catalyst is 
potassium persulfate. These compounds are 
well known emulsion polymerization catalysts 
and function as water-soluble, oil-insoluble, 
free radical initiators. Oil-soluble, water-in- 
soluble, free radical initiators such as organic 
peroxides, which are also well known and 
widely used catalysts in emulsion polymeriza- 
tion, are not suitable for use in the process 
of this invention as they will not yield a stable 
latex. 

The persulfate compounds utilized as 
catalysts decompose rapicfly under the reaction 
conditions of die process. The half-life, i.e. the 
time required for one half of the catalyst to 
decompose, for potassium persulfate at various 
temperatures is approximately as follows : 



Temperature 
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Half-life 
(seconds) 



55 



100 
125 
150 
160 



700 
40 
3 
1 



60 



It is accordingly apparent that to successfully 
utilize these catalysts at the process tempera- 
tures hereinbefore disclosed conditions must be 
maintained which permit the polymerization 
reaction to be carried out extremely fast, i.e, 
high pressures, thorough mixing, effective heat 
removal^ and high throughput. 



The amount of catalyst employed is not 
critical as long as it is present m sufl5cient 
concentration to promote the polymerization, 65 
i.e. a catalytically effective amount. An amount 
of at least O.OOl lbs. per lb. of polymerizable 
monomer undergoing conversion to polymer is 
ordinarily required. Generally speaking, 
amounts of from 0.001 to 0.02 lbs. per lb, of 70 
polymerizable monomer undergoing conversion 
to polymer are employed, with preferred 
amounts being in the range of O.0O2 to 0.007 
lbs. per lb. 

The use of a surfactant is an essential ^5 
feature of the polymerization process de- 
scribed herein. The surfactant serves a dual 
function in that it assists in the initiation 
of new polymer particles and also helps to 
stabilize the latex. However, from the stand- 80 
point of the end use of the latex, e.g., in paper 
coating, the use of a surfactant in the process 
is usually higjily detrimental since it will end 
up as a contaminant of the coating and will 
adversely affect the properties of the polymer. 85 
Accordingly, it is desirable that the concentra- 
tion of surfactant be held to a mmimiim and 
it is one of the unique features of this inven- 
tion that a stable, hi^ quality latex can be pro- 
duced with a far lower total content of sur- 90 
factant than has been necessary in processes 
for production of etbyla:^ polymer latices 
known heretofore. 

The use of particular sur&ctants is hot 
critical to successful operation of the pro- 95 
cess of this invention. The sole essential le- 
quirement is that the surfactant be chemically 
stable and capable of forming abundant 
micelles under die operative condhions of die 
process. As is well known in the polymer art, 100 
the formation of mkelles^ i.e. small dusteiis 
surfaaant molecules, is necessary to tiie fotma- 
rion and growth of the polymer parddes com- 
posing a latex. Hie usual theory is that the 
micelle has the hydrocarbon portion of all 105 
the molecules of surfactant in a central organic 
phase and the .ionic or salt portion in a sur- 
rounding water phase. Polymer is then formed 
from monomer which is absorbed in the central 
organic portion and the micelle is enlarged 110 
by the polymer formation until the final particle 
size is reached. The concentration of surfact- 
ant at which micelles begin to form in de- 
tectable quantities is called the critical micelle 
concentration and is dependent upon the struc- 115 
ture of the surfactant and upon the tempera- 
ture. 

A single surfactant or a mixture of two or 
more surfactants may be employed in the pro- 
cess of this invention. The particular com- 120 
pounds to be used will be dictated primarily 
by the subsequent application for which the 
latex is intended, for example^ if the latex is 
to be used to form a coating which would 
come in contaa with foodstuffs then toxi- 125 
cological properties of the surfactant would 
be a prime consideration. Anionic surfactants 
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are particularly effective, especially those that 
have a low critical micelle concentration at 
room temperature, e.g. 0.1 weight per cent 
or less. A combination of an anionic surfactant 
5 and a non-ionic surfactant may be employed, 
and such combination has been found to be 
particularly effective in promoting latex 
stability in the presence of multivalent metal 
ions such as calcium, magnesium or aluminum. 
10 • Particular classes of anionic surf aaants that 
may be advantageously employed in the process 
of this invention are the amine or alkali metal 
salts of alkylaryl sulfonates, such as sodium do- 
decylbenzenesulfonate, the isopropylamine sak 
15 of dodecylbenzenesulfonic acid and the like; 
and the bis(alkyl)sulfosuccinates such as sodium 
bis(octyl)suifosuccinate, - sodium bis(tridecyl)- 
sulfosuccinate, and the like. 
The amount of surfactant employed must 
20 be sufficient to effect the dual functions of 
assisting in the . initiation of new polymer 
particles and aiding in stabilizing the latex 
which is formed. However, consistent with 
these requirements, it is ordinarily desirable 
25 to employ the smallest amount of surfactant 
possible and thereby minimize the detrimental 
effects of the surfactant on polymer pro- 
perties. Amounts of surfaaant in the range 
of 0.005 to 0.05 lbs. per lb. of polymerizable 
30 monomer undergoing conversion to polymer are 
operable, while preferred amounts" are in the 
ran^e of O.Ol to 0.03 lbs. per lb. of poly- 
merizable monomer undergoing conversion to 
polymer. 

35 Since the ethylene inteipolymer ktices 
widiin the scope of this invention always con- 
tain some carboxylic acid the pH in the re- 
actor must be maintained at a low level to 
avoid inhibition of the polymerization reac- 

r40 tion. Ordinarily the pH will be maintained at 
a level of below 4 and preferably below 3. 
After the latex leaves the reactor, it is gener- 
ally desirable to increase the pH to 7 or higher, 
by, for example, addition of ammonium 

45 hydroxide, potassium hydroxide or sodium 
hydroxide, in order to minimize corrosion 
problems and to help stabilize the latex in 
storage. ^ 

As indicated hereinbefore, thorough mixing 

50 is an important feature of the novel process 
described herein. Under optimum conditions 
the reaaor charge should be completely mixed 
within the half-life of the catalyst Since the 
process is operated under conditions provid- 

55 ing very high space prcducuvitieSj it is feasible 
to use a small reaaor wherein high agitatioii 
and xapid mixing providing substantially uni- 
form conditions throughout the reactor can be 
readily adiieved. 

60 Generally speaking, the process of this in- 
vention is operated so as to provide relatively 
high conversion of monomers to polymer since 
the higher the conversion the better the 
economics of the process will be. If conver- 

65 sion is too low, the large amount of unreacted 



monomer causes the formation of appreciable 
scrap in the latex, whereas if the conversion 
is too high the strength of the polymer is 
adversely affected. The process is, accordingly, 
operated at the highest conversion compatible 70 
with production of a high quality product. In 
terms of ethylene, the conversion is typically 
in the range of 40 to 90 per cent, i.e. 40 
to 90 per cent of the ethylene charged to the 
reactor is converted to polymer. More fre- 75 
quently, the conversion of ediylene will be in 
ihe range of 60 to 80 per cent. Since the 
carboxylic add component generally poly- 
merizes much more rapidly than ethylene under 
the same conditions, the conversion of the 80 
acid will ordinarily be substantially complete, 
e.g. 98 per cent or more. The optional copoly- 
merizable monomer will generally also poly- 
merize more rapidly than ethylene so the de- 
gree of conversion of such monomer will 85 
usually exceed that of the ethylene. 

The flow rates of the several components 
charged to the reactor, as set forth herein- 
above, are such that the residence time in 
the reactor is relatively brief. Actual residence 90 
time, is, of course, not a single value but 
rather there is a wide distribution of actual 
residence times; however, the nominal resi- 
dence time may be calculated from the feed 
rates and the reactor volume. Under the oper- 95 
adng conditions described herein, the nommal 
residence time, i.e. ilie value obtained by di- 
viding the reactor volume in ft.* by the total 
volumetric feed rate in ft.*/hr., is ordinarily 
below 0.5 hours and ranges down to as low 100 
as 0.1 hours, or less. 

The process of this invention is character- 
ized by selection of process conditions, within 
the limits specified hereinabove, to provide a 
space productivity of at least 25 lbs, of poly- 105 
mer per hoiu: per cubic foot of reactor volume. 
Typically, a space productivity in excess of 50 
and up to as high as 200 lbs. of polymer per 
hour per cubic foot of reactor volume, or even 
hi^er, can be achieved 6y optimization of UO 
process conditions. 

Ethylene interpolymer latices produced by 
the process of this invention meet or exceed- 
all minimum standards of a high quality latex 
and are well suited to use in coating applica- 115 
tions. 

The size of the polymer particles in the 
ethylene interpolymer latices of this invention 
is in the range recognized by the art as char- 
acterinng a latex, i.e. below one micron, and ^20 
ordinarily there is a broad particle size dis- 
tribution. This latter feature is particularly ad- 
vantageous where the latex is to be used to 
form a barrier coating on paper since it pro- 
motes denser packing of tl^ particles and X25 
thereby facilitates fusion to a coherent imper- 
meable fihn which effectively resists water 
vapor penetration. In ethylene interpolymer 
latices produced in accordance with the teach- 
ings herein, substantially aU of the polymer 130 
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particles are in the size range of from 0.01 
to 1 micron, with the average particle size 
being in the range of 0.15 to 0.7 microns. 
The total solids content of the latices de- 
5 scribed herein will usually exceed 40 per cent 
and solids content of well above this value^ 
e.g., in the range of 50 to 60 per cent and, 
in some instances, even higher can be achieved 
by control of the process variables. Accord- 
10 - ingly, the novel latices are well suited to coat- 
ing applications where a high solids content 
is essential to minimize the amount of water 
which must be evaporated. 
To be useful in coating applications, latices 
15 must be amenable to being pumped and must 
be readily handled with conventional coating 
equipment. This requires that the latex have 
a low viscosity and that it be non-dilatant, 
i.e. the viscosity should not increase with in- 
20 creasing rate of shear. The novel ethylene in- 
terpolymer latices of ±is invention meet these 
criteria since they have low viscosities, gener- 
ally below 300 centipoises, and exhibit New- 
tonian or pseudoplastic flow properties. 
25 While all latices contain a certain amount o( 
scrap or seeds, i.e, particles that are appreci- 
ably above the siz range permissible for latex 
prticles, the amount which can be tolerated 
in a commercial product is usually not in ex- 
30 cess of 200 parts per million on 100 mesh 
screen, based on the total weight of the latex, 
or up to several hundred parts per million 
on 250 mesh screen. The latices of this inven- " 
tion usually have seed contents meeting these 
35 limits and in many instances well below the 
. maximums specified. 

An important feature of the novel ethylene 
interpolymer latices of this invention is tiieir 
unusually good stability. Thus, die latices 
40 possess excellent shelf stability, i.e. they do 
not undergo creaming, gelling, or thickening 
" even after very long periods of storage such 
as a year or longer; which property greatly 
facilitates their transportation, storage and use. 
45 The ladces also exhibit excellent mechanical 
stability, i.e. the particles do not coalesce or 
agglomerate when subjected to mechanical 
stress such^ as that imposed by, agitation or 
shearing forces encountered in coating opera- 
50 tions. The freeze-thaw stability of the lances 
is also good, i.c.3 the latex may be frozen and 
thawed several times without any significant 
change in properties resuUing and thus need 
not be handled in any special manner nierely 
55 . because it will encounter extremes of tempera- 
ture. Finally, the latices exhibit good chemical 
stability, i.e. they have good salt and solvent 
tolerance and are thus not easily harmed 
by the incorporation of additives, although they 
60 can be coagulated under severe conditions by 
addition of certain salts, e.g. salts of multi- 
valent metal ions such as caldum, magnesium 
or aluminum^ particularly where a non-ionic 
surfactant was not employed in combination 
65 with the anionic sur&ctant 



Latices produced by the process of this 
invention have a far lower surfactant content 
than latices produced by the teachings of the 
prior art in which a high content of surfactant 
is essential to provide adequate stability. Thus, 
latices of this invention will typically have a 
total surfactant content of less than 5 weight 
per cent, based on total weight of solids in 
the latex, whereas the latex products known 
to the art have typically exhib. ced a total sur- 
factant content of as high as 10 to 15 weight 
per cent, or more, on the same basis. 

The ethylene interpolymers of this invention 
are copolymers, terpolymers, or higher inter- 
polymers, containing as essential components 
both ethylene and a carbos^lic acid as herein- 
before described. The , cafboxylic add pro- 
motes latex stability and improves polymer 
properties.^ The optional incorporation of a 
copolymerizable monomer, as hereinbefore de- 
scribed, usually results in a decrease in the 
crystallinity of the polymer with a resultant 
lowering of polymer stiffness and consequent 
improvement in flexibility, tensile strength and 
elongation as well as reduction in the tempera- 
ture required for fusion or fika formation. 
If desired, the optional copolymerizable mono- 
mer may be a cross-linkable monomer, whereby 
improvement in such properties as water and 
solvent resistance may be achieved. The inter- 
polymers produced by the process of this inven- 
ticni are not completely or even substantially 
imifomi in composition in view of the differ- 
ences in rate of reaction of the various mono- 
mers and in their ability to diffuse into tiie 
growing polymer particle. They may include 
a minor amount of gel-like material as a result 
of long chain branching or cross-linkmg. Both 
free carboxyl groups and salt groups result- 
ing from ionic interaction between the car- 
bi^l groups and metal ions, derived from 
the catalyst, or from the surfactant^ or from 
the base which is added to increase the pH 
of the latex, may be expected to be present 
upon evaporation of the water from the latex 
after formation of a coatingl 

The unique feature of the ethylene inter- 
polymer latices of this invention is that they 
not cttily exhibit excellent latex properties, as 
described above, but that at the same time 
the properties of the polymer meet or exceed 
the requirements necessary for utilization in 
coating applications. It is ordinarily hot 
necessary to concentrate tiie latej^ i.e. to in- 
crease The solids content by removal of part 
of the water, prior to use but rather the latex 
may be utilized dkectly in the form in which 
it is produced. It may, of course, be concen- 
trated in this manner if desired. Except as 
otherwise indicated, all polymer properties set 
forth herein are composite properties of all 
the solids contained in the latex, i.e, they re- 
present properties of the residue remaining 
aft^ evaporation of all water with no attempt 
having been made to wash out the surfactant 
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prior to measurement of the property. 

Ethylene interpolymers within the scope of 
this invention exhibit physical properties ex- 
tending over a broad spectrum, with the pro- 
* 5 perties of a particular polymer depending upon 
both its composition and the process conditions 
empbyed in its production. The copolymers 
of low carboxylic acid content, e.g. cqjolymers 
composed of ethylene and acrylic add and con- 
10 taining up to 10 per cent by weight of acrylic 
acid, are tough and strong and will form a film 
substantially equivalent in performance to ex- 
truded fihn from bulk polymerized polyethyl- 
ene. They exhibit far higher ultimate tensile 
15 strength and ultimate elongation than ethylene 
polymers available in latex form heretofore 
and are particularly distinguished from the 
prior art in this respect, since stable^ ethylene 
polymer latices heretofore produced directly by 
20 emulsion polymerization have invariably been 
composed of polymer which was weak and 
* brittle. Typical ethylene/acrylic acid copoly- 
mers produced by the method of this mvention 
have ultimate tensile strength of as high as 
25 2000 psL, or higher, with ultimate elongation 
of as much as 200 per cent, or more. Ter- 
polymers of ethylene, acrylic acid and, for ex- 
ample, vinyl- acetate or ethyl acrylate, m sub- 
stantial proponion, are of lower crystalhnity 
30 than ethylene/acrylic acid copolymers and ex- 
hibit the characteristics of a soft polymer 
capable of undergoing film formation at rela- 
tively low temperatures. _ 

The ethylene interpolymer latices or this 
35 invention find utility in a wide variety of 
applications. They may be used, for example, 
as barrier coatings for paper, paperboard^ and 
other substrates; as components of wa^ and 
polishes; as warp sizes; as textile softeners; 
40 and so forth. 

In one particular aspect, the present inven- 
tion relates to paper or paperboard having a 
barrier coating formed from the ethylene mter- 
polymer latices described herem. Such products 
45 exhibit good grease and oil resistance; good 
resistance to water, acids, and moisture vapor; 
good electrical conductivity; adhesiveness; 
ability to heat seal; and good printability and 
ink holdout. They find particular utility as de- 
50 corative papers; as packaging materials for 
foods; as paper cups or plates; as shippmg 
ctmtainers, and so forth. By appropriate selec- 
tion of the interpolymer latex, coated paper 
products that are the equivalent of those 



obtained heretofore only through the use of 55 
melt-extrusion techniques can be produced. 

The ethylene interpolymer latices described 
herein may be readily applied to paper and 
paperboard using coating equipment commonly 
found m a paper mill. Their low viscosity 60 
and good stability permits them to be pumped 
without difficulty and to be applied at the 
size press or calender stadc. They may be 
applied with an air knife coater or, by addition 
of a small amount oif a thickening agent such w 
as hydroxycthyl cellulose to increase viscosity, 
with a tralHng blade coater. After application 
of the latex to the paper or paperboard, neat 
is applied, e.g. temperatures in the range of 
125° *C to 200° C, to effect evaporation of 70 
the water and fusion of the latex particles. 
One or more coats of any desured weight may . 
be applied to the paper or paperboard. 

The invention is further illustrated by the 
foUowmg specific examples of its practice. In 75 
the examples, the monomers, water, surfactant 
and catalyst were continuously pumped to a 
high pressure stainless steel reactor (in some 
instances the carboxylic acid was iatroduced hi 
admixture with the other comonomer, in others 80 
as a solution in water or as a solution in an 
organic diluent such as toluene), whose contents 
were thoroughly agitated by three sets of flat 
bladed, high speed, radial turbines, and latex 
and unreacted monomers were continuously 85 
withdrawn from the reactor through a letdown 
valve which served as the pressure regulator 
for the reaaor. In certain of die examples, 
molecular weight regulators, such as acetalde- 
hyde or glycol ethers, were added in minor 90 
amounts. In each instance, at latex was col- 
lected in a cyclone separator from which 
gaseous ethylene was vented. The process was 
operated on a heat balance with flic reaction 
being controlled so that the heat of polymeri- 95 
zation woxild equal the available sensible heat 
capacity of the feed streams plus the heat 
which could be removed from the reactor 
through the cooling surfaces. Coolmg was 
effeaed by circulation of a liquid cooling IwO 
medium through an external jacket surround- 
ing the high pressure reaaor. 

The process conditions utilized are sum- 
marized for convenience in Table I below, 
while latex properties are summarized in Table 105 
n, and polymer properties in Table III.^ In 
every instance, the latex exhibited good stability 
characteristics as hereinbefore described. 



BNSDOCID: <GB 114814aA_l_> 



Iil48,148 



C/3 »-< 



CO 



VD 



s s s 



in ^ 
in 



s 



CM 



in 

^0 



a 



o 

t 



^ CO rif 
•X3 



o 

I 



00 

Q 

CO 



CO 



CO 



CO 



CO 



CO VO 

d p-I 



E2 CO CO CO rr* 

a.+fe 



O CO 



CO CO CO 



1-4 



IIS* 2 

O J 



T3 CO 
4> JO 



a 



O 

f 

U 



Sip 

9> 



0o 

0.0 



to- 
il:! 



CO 

^4 



00 



CI 

s 



o 

CO 



in 



in 



00 
CI 



O 

ei 
CO 



CO 



e2 



pin 



1-* CO ^ 



T3 73 



S-^ ^l" 



8 



o o 
o o 

o \o o 



CO 



00 
CO 



o 

ei 
CO 

t4 



00 . 

CO 



1.1 



o 

TP 



CO 



O 

CO 

ei 



CM 



Ml • 



II 



oo 
o o 



CO 

ui 



O 
O 



BNSDOCID: <GB 1 14814aA_L> 



1,148,148 



9 



CO 



5 



I 



1 
I 



I 
i- 

a 

1 



o 



o 

I 

i 



SO 

to 



<N 
VO 



00 

f— 4 



l> 00 . 



CO CO 



o • 
% 

« < 
G ri 



0\ VO 



5J 



00 



9 



CO 

CI 



•d 



in 



VO 



00 



l> C< W 00* 
*-H r-4 i-H O 



CO CO 

W .CO PQ . CO 

CO CO ^ M 



O OJ « 
OO^CM 

1 



CO 



OJ 00 



CO 

m . CO 

GO 



so 



Ok CS 

«-3 d -J 



00 

d 



CO CO 

5 , CO « . CO 

CO GO S ^ 



Ol 


*-4 
CM 


00 

cn 




d 


d 


d 


d 








o: 


o" 

01 

CO 
ot 


00 

o. 

CO 

0) 


o" 

ei 
CO 
d 


CO 

a' 






so 
00 




1 


1 




o; 

CO 


None 


None 


Toluene 


Toluene 



"3 _ _£5 .Sa S3 — « ^ 



o o 



o o 

88 

o\ in ^ in 



.CM CM 



^ • CM 



111! 



o 



o 
o 



-^in 



IS 
fl 



^00* 



3» 00 



S.s> s 



OS 



BNSDOCID: <GB_ 



_114814eA_l_> 



10 



1,148,148 



5§ 



NO 



S? 



<3 



o 

r 



CO 

CO . W 
O+Q 

03 CO 



vx o\ d o m C4 

^ O i-l O t-H ll c< 



d © 



CO CO C« CO CO 

com 03. PQ CO pq CO PQ 

H+Q. H+Q H+Q H+Q O+Q 

CO CO co co co co co S oo K 



« \ I - 

lis? R 



I 



5 




en 
d 


0.35 


in 
d 


0.54 


0.25 


CO 

00 


CI 

CO 




9. 

CO 

\4 


CO 



I 



o o 

S8 



CM 

in 



o 



00 

in 



CI 
d 



I 



CM 



I 



« eg 




00 00 

• 

00 


r* • 
00 o 


00 OS 
CM • 
1-i CM 


Ethylene 
Methacrylic 
Acid 


Ethylene 
Itaconic 
Acid 


Ethylene 
Acrylic Acid 


Ethylene 
Acrylic Acid 


Ethylene 
Acrylic Acid 


SB 
o o 


17,000 
—21,500 


o o 
o o 
in CM 

CS Cjl 


18,500 
—22,000 


19,000 


§ 










1— ( 










in 


VO 




CO 


ov 



BNSCOCID: <GB 1148148A^I_> 



1,148,148 



o 

S So 



1 

CO 



t 



1 

3. 



i 
n 



B 
o 

I 



3 



1 

I 



I 
6 



St » 

r 



I, 



CI 



in 



CO 

CO . CQ 
03 M 



*^ S 



O 

CI 

CO 



8 



I i 



8 



to 



C9 00 



8+^ 



d 



CO 
ei 



CO 



9 



^ d 



CO 

n CO 



in 



8' 



•a 

•3 s 



§§ 



2?J 



gg 

si' 



CO 



8 



CM 
CM 



CO 



C4 83 



^ O 



CO 

PQ . CO 

CO GO 



O 

CO 



I en 
go 5 

1W 



IS 

o »n 

OICM 



I 



V-H CO 

2<I S o 



I 



♦H 00 • 

• CM 
CM <N 

•a 
'5 

MP} 



o 
o 
in 

a" 



9! 



CM 



I, 



s 



Si 



BNSDCX:iO: <G8_ 



M48,148 




mill 

1 1 1 1 1 1 



GO 



BNSCKXID: <GB 114814aA_l_> 



1,148,148 



13 



a 



1^ 

la c 

a- 

I 

!! 

.8: 



3 



{2 



(3 



CS 



CO en 



in - 



o 



© 



in 

00 



o 

CO 



CI 



00 



CO 



d 



in 
d 



»-H O 

d d 



I 1 I 



d d d d d 



I I I I 



00 100 

J5 P 1 -H « 



9 8 



CO 



so 



00 



8 



3 



CO 



OS 



»-i in 



00 C30 

m 00 



O I> o 

S in 5 S 



9 



N CO O 

m in in 



vo 



CI 



o 



M CO 



O ^ CJ to 



in so 



BNSOOCID: <GB. 



.1148148A__L> 



14 



1448,148 




BMSDOCID: <f3B 114fl14flA l> 




BNSDOCID: <GB 114814eA_l_> 




BNSDOCID: <GB 1 1 481 48A_I_> 



1,148,148 



17 



-I 




S q H S 

5^5 



!*2 - 



I 

8 

I 



o 
o 



in 



■ V 



00 



I I 



00 
CO 



o 



I § 



o 

o 



CM op 

00 » 



8 



oo t^cM»-« ov\oin 



CO JO gJlO 



I 



00 



9 



in 
.in 



g 



•00 

d 



inmoo 



CM 



00 

o 



CO 
VO 



OMTk VO coot** inONO 

gw« jjcJ^ go^a!* 



4> 

! 



w<>. So S<t> 



BNSDOCID: <GB_ 



_114814aA_L> 



18 



1,148,148 



boa 



6 go I 



O 



U 



CO ^ 




8 



I 

I 



3 



I 



9 • 

M CO 

CS Ot 



CS 5 4^ ^ ^ 
* <! SPIES' 

Iks 



a 



, 4= « rj 

- § S a 

S § 



c3 '^2 



.S.S 



a; •« 



SCO 



1^ 



9 



I 



1 



o 

t 

I 



m o 
in ^ 



2 



CS 



s 1 
1 1 



I 
I 



I 









ymer 








DOl 










•a 


•S "S 


W 




1 1 


1 

CO 


1 






s 


S 3 





S_ etf 
!fi TO 



I" 



O 
U3 



O CS o 



tE) w n m OS . 



" « S * ^ «>"S^ s 



•s 



BNSDOCID: <GB_ 



_1148148A_L> 



1,148,148 



19 



Turpentine Rejtf/oRce^— detennined as de- 
scribed in TAPPI test T 454 M 60 except 
that test is continued for 24 hours and samples 
are observed after 1, 16 and 24 hours. If no 

5 penetration occun, the rating is 24 + , other- 
wise ±e rating is the ntiniber of hours re- 
quired to penetrate. 

Peanut Oil Resistance^-cBxrkd out in the 
same manner as the turpentine resistance test. 

10 Lactic Acid i^cmtonce— 20% lactic add at 
120° F. is maintained in contact with the 
coating for 5 mmutes. If no penetration occurs, 
the rating is 5+, otherwise the rating is the 
number of minutes required to penetrate, 

15 Score Fature-^tht coated paperboard is 
scored in accordance widi TAPPI test RC 66 



and folded 180^ towaids the coated side. The 
crease is painted with dyed methanol and rated 
in the same manner as described above with 
reference to pmhole rating. 20 

Glueability^titmnned in accordance with 
TAPPI IVIonograph No. 26; the value reported 
being the numb^ of minutes required for a 
standard boxboard adhesive to develop a bond 
"Strong enough to give fiber tear when an at- 25 
tempt is made to separate it. 

dantact ^w^fe— -determined with a gonio- 
meter. 

Moisture Vapor Transmission — (MVT)— 
determined in accordance with ASTM me^d 30 
D814— 44T. 

Results obtained are summari^d below: 



Coated paper (one coat) 

Coating weight (lbs/3300 &^ — 7.3 

Pinhole rating — 3 

75^ gloss (%) — 48 

Bloc^g — 0 - 

Heat s^ — * strong bond 

Coated paper (two coats) 

Coating weight (lbs/3300 ft^) — 14 

Pinhole rating — 0 

75^ gloss (%) - 67 

Turpentine resistance (hrs.) — 2^+ 

Peanut oil resistance (hrs.) — 24+ 

Lactic add resistance (min.) — 5-h 

MVT — flat — 1.8 

MVT — creased — 2.7 

Coated paperboard 

Coating weight 0bs/lOOO ffc^) — 2.6 

Pmhole ratmg — 3 

75° iJoss (%) — 45 

Contact angle — 27 

Glueability (mins.) — 6 

Score feilure (two coats) — 1 



WHAT V5TE CLAIM IS : — 
35 1. A continuous process for production of 
an ethylene interpolymer latex which com- 
prises 

(1) continuously charging to a reactor, in 
whidi substantially unifoim conditions of tem- 

40 perature, pressure and concentration are main- 
tained throughout with a temperature in the 
range of 100° G to 160° C and a pressure of 
at least 5,000 psig., the following materials: 
a) polymerizable monomer at a rate of at 

45 least 50 lbs. per hour per cubic foot of re- 
actor volume, said polymerizable monomer 
comprising at least 50 mole per cent ethylene 
and from 0.2 to 15 mole per cent of at least 



one a-il3-ethylenically unsaturated carboxylic 
acid of 3 to 8 carbon atoms and, as any re- 50. 
maining balance, at least one other copoly- 
merizable monoethylenically imsaturated mono- 
mer of 2 to 12 carbon atoms; 

b) water at a rate of 0.3 to 3 lbs. per lb. 

of said polymerizable monomer undergoing 55 
conversion to polymer; 

c) a persidfate catalyst which is ammonium 
persidfate or an alkali metal persulfate at a 
rate sufficient to provide a catalytically effec- 
tive amount; and 60 

d) a surfactant whidi is chemically stable 
and capable of forming abundant micelles 
under the conditions at vMdb. die process is 
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operated at a rate of 0.005 to 0.05 lbs. per lb. 
of said polymerizable monomer undergoing 
conversion to polyinbr; 

the process conditions being so selected to 
5 provide a space productivity of at least 25 
lbs. of polymer per hour per cubic foot of 
reactor volume, and 

(2) COTtinuously recovering the latex pro- 
duced thereby. 
iO 2. A process as claimed in claim 1 in which 
the temperature is in the range of 110° C. to 
150° C. 

3. A process as claimed in claim 1 or 2 
in which the pressure is in the range of 10,000 

15 psig. to 30,000 psig. 

4. A process as claimed in any of claims 1 
to 3 in which the ^^.^-ethylenically unsaturated 
carboxylic acid is acrylic acid. 

5. A process as claimed in any of claims 1 
20 to 4 in which the copolymerizable monoethyl- 

enically unsaturated monoiner is an acrylate. 

6. A process as claimed in any of claims 1 
to 4 in which the copolymerizable mono- 
ethylenically unsaturated monomer is a vinyl 

25 ester of an alkanoic monobasic add having 
up to 4 carbon atoms. 

7. A process as claimed in claim 4 in which 
the mterpolymer is a copolymer of ethylene 
and acrylic acid. 

30 8. A process as claimed in claim 7 in which 
the interpolymer is a copolymer consisting of 
at least 90 weight per cent ethylene and the 
balance acrylic add. 

9. A process as daimed in claim 5 in whidi 
35 the interpolymer is a teipolymer of ediylene, 

aciylic add and ethyl aciylate. 

10. A process as claimed in daim 6 in whidi 
the interpolymer is a terpolymer of etlrylene, 
acrylic acid and vinyl acetate. 

40 11. A process as daimed in any of daims 
1 to 10 in which the polymerizable monomer 
is fed to the reactor at a rate of 100 to 300 
lbs. per hour per cubic foot of reactor volume. 

12. A process as claimed in any of claims 
45 1 to 11 in which vrater is fed to the reactor 

at a rate of 0.8 to 1.5 lbs. per lb. of poly- 
meiizable monomer undergoing conversion to 
polymer. 

13. A process as claimed in any of daims 1 
50 to 12 in which the persulfate catolyst is potas- 
sium persulfate. 

14. A process as daimed in any' of claims 
1 to 13 in which the persulfate catalyst is fed 
to the reactor at a rate of 0.02 lbs per lb. of 

55 polymerizable monomer undergoing conversion 
to polymer. 

15. A process as claimed in claim 14 in 
which the persulfate catalyst is fed to the re- 
actor at a rate of 0.002 to O.007 lbs. per lb. 

60 of polymerizable monomer undei^going conver- 
sion to polymer. 

16. A jm)pes5 as daimed in any of daims 



1 to 15 in whidi the surfactant is a bis(aliyl)- 
sulfosuccinate. 

17. A process as daimed in claim 16 in 65 
which the surfactant is sodium bis(tridecyl)- 
sulfosuccinate. 

18. A process as daimed in any of claims 
1 to 15 in which the surfactant is sodium 
dodecylbenzenesulfonate. 70 

19. A process as claimed in any of claims 
1 to 18 in which the surfactant is fed to the 
reactor at a rate of 0.01 to 0.03 lbs, per lb. 
of polymerizable monomer undergoing conver- 
sion to polymer. 75 

20. A process as daimed in any of daims 
1 to 19 in which the space productivity is at 
least 50 lbs. of polymer per hour per cubic 
foot of reactor volume. 

21. A process as claimed in any of claims 80 
1 to 20 in which the pH in the reactor is 
maintained at a level of below 4. 

22. A continuous process for production of 
an ethylene/acrylic acid copolymer latex which 
comprises (1) continuously charging to a re- 85 
aaor, in which substantially uniform conditions 
of temperature, pressure and concentration are 
maintained throughout with a temperature in 
the range of 100*^ C to 160° G and a pres- 
sure of at least 5,000 psig., the following. 90 
. a), polymerizable monomer at a rate of at 
least 50 lbs, per hour per cubic foot of reactor 
volume, said polymerizable monomer consist- 
ing of 85 to 99.8 mole per cent ethylene and 
15 to 0.2 mole per cent acrylic add; 95 

b) watdr at a rate of 0.3 to 3 lbs. per lb. of 
said polymerizable monomer undergoing con^ 
version to polymer; 

c) a persulfate catalyst which is ammonium 
persulfate or an alkali metal persulfate at a 100 
rate of 0.001 to 0.02 lbs. per lb. of polymeriz- 
able monomtt undergoing conversion to poly- 
mer; and 

d) a surfactant which is an amine salt of an 
alkylaryl sulfonate, an alkali metal salt of an 105 
alkylaryl sulfonate or a bis(aIlg^l)sulfosuccinate5 
at a rate of 0.005. to 0.05 lbs. per lb. of said 
polymeri2able monomer undeigoing conversion 
to polymer; 

the process conditions being so selected to pro- 110 
vide a space productivity of at least 25 lbs. of 
polymer per hour per cubic foot of reactor 
volume, and (2) continuously recovering the 
latex produced thereby. 

23. A continiious process for the production 115 
of an ethylene interpolymer latex substantially 
as hereinbefore described with particulaur re- 
ference to any of the foregoing- Examples. 

24. An ethylene interpolymer lat^ whenever 
produced by a process as herein described and 120 
claimed. 

25. An article of manufacture comprising a 
paper substrate having a coating thereon, said 
coating having been produced by applying an 
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ethylene intetpolymer latex as claimed in claim W. P, THOMPSON & CO., 

24 to said paper substnrte. 12, Church Street, Liverpool, 1. 

Chartered Patent Agents. 
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